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Abstract 
Signage system is important to lead occupants to circulate as well as to evacuate people in emergency. Multiple exit signs leading 
to different directions at an intersection for general circulation may create confusion in people under emergency, and therefore 
can jeopardize the situation into a chaotic state, especially in buildings with a complex layout. Many past studies focused on 
implementing different techniques or designs to improve the existing signage system for better visual and navigating effects, such 
as the use of laser beams, the combination of audio and video cues, and the selection of color, location, and mounting height. 
How to better control the signage system under emergency has been overlooked. 
This paper proposed a BIM-controlled signage system to solve the problem. With the help of heat sensors that detect the fire 
prone areas in the building, the proposed system identifies the best route and activates the corresponding sign blinkers with high 
intensity. During this action, exit signs that do not lead to the best route become inactive. This system provides a natural interface 
for remote operation in facility management to efficiently guide people to the right exit under emergency. A prototype of the 
signage system is presented and future research directions are discussed. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The world in the past three decades experienced a succession of disasters such as floods, storms, fires, 
earthquakes, volcanic eruptions and landslides. The disasters have claimed thousands of lives and caused material 
losses to a great extent. Fire Accident or a fire outbreak is an unplanned or unexpected event in the building 
environment which is never a pleasant incident to happen. Deaths caused by fire outbreak throughout the world are 
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predominantly high. Studies reveal that in the early 21st century out of 6300 million populations in the world the 
annual death rate was 70,000 to 80,000, and the number of people injured in fire accidents was around 5000 to 8000 
[1]. Risk assessment and development of a strategic approach to fire safety techniques can lead to more healthy 
solutions. Buildings as infrastructure along with people’s lives need protection against fire outbreak 
During a fire accident in a building, the absence of facility management and inappropriate guidance poses a threat 
to the evacuees. Though the design of the building might meet the regulations of fire safety, the problem arises with 
the behavior of the people during a fire outbreak. Past studies reveal that it is more difficult to find a proper 
evacuation path under emergency, due to mental stress, time limitation, and environment visibility issues caused by 
fire [2]. Humans often tend to panic and create a chaotic situation during the fire accident. The fire outbreak emits 
smoke which worsens the situation and causes suffocation and low visibility. Under such a situation, evacuation is 
one of the most important aspects to save lives. Knowledge and information on the use of installed facilities for 
evacuation is essential in tackling fire emergencies. 
Nowadays, many buildings have complex designs and designers rely on signs as the main solution for way 
finding. In general, a building usually have multiple exit signs at one intersection directing people to different places 
to navigate throughout the building, as illustrated in Figure 1. But during an emergency these exit signs might create 
confusion in the approach of the evacuees. These exit signs may or may not lead people to the targeted safety 
directions to evacuate the building. 
 
 
Fig. 1: Exit board pointing to different directions 
 
It will help evacuees make proper decision if the exit signs can intelligently reflect the location of the accident 
(i.e. if an exit leads to fire, the corresponding exit sign will be off). This paper presents a potential solution by 
introducing a BIM-controlled system and high intensity light blinkers to eliminate confusion and guides people into 
right directions during emergency situation. The structure of this paper is as follows. Firstly, previous experiments 
on the signage system are mentioned and their contributions to an effective system are discussed. The functioning of 
the BIM-controlled system and high intensity blinkers are then demonstrated by a flow chart and strengthened by an 
example to understand the design and methodology on how the system works. The last part of the paper discusses 
about the advantages, limitations, and future directions. 
 
2. Related Studies 
 
Research has been done on signage system to find a way to decrease the fatality rate and increase the efficiency. 
Deshpande and Faltesek [3] explained that the signage system can determine the ingress route and egress route 
which can help the evacuees and the fire fighters to find their respective routes. The ingress route is designed for the 
Fire fighters to enter into the fire hazard building to minimize or prevent the spread of fire whereas the egress route 
guides the evacuees to leave the building. The respective routes are designed or predefined with the fire or smoke 
detectors so as to obtain a path during the course of the fire. 
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Many past studies focus on sign cognition such as the effect of color and light, comprehensible symbols and 
words, sound, and location of signs [4] [5]. For example, Boyce and Mudler [6] found the maximum distance at 
which a sign is identifiable can be increased by enhancing the contrast of the arrow, enlarging the area of the 
chevron, and adjusting the aspect ratio of the chevron. Tang et al. [7] compared exit signs with different texts and 
images and made speculation and suggestion on the design. Lehman et al. [8] developed an apparatus that uses laser 
beam installed within the signage system to help people follow a designed path. Chiarucci [9] introduced a way to 
incorporate the emergency exit sign directly into the floor. The tactile properties of the sign allow it to be read even 
when the room or hallway is filled with smoke. This also helps people to remember the route towards exit as they 
walk over the sign on a regular basis. Gmbh [10] explained a method for signaling the exit route by activating the 
appropriate signs with the effect of running light. The light source of the exit signs are distributed to form a running 
light and also can be individually controlled. 
The previous research methods in general emphasized on visibility and accessibility aspects to improve the 
signage system. The use of laser beams, vocal signals, designing pathways aims to help evacuees to obtain 
information for evacuation. However, even after obtaining the information, there could be a situation in which the 
evacuees have to decide on a particular direction if there are signs at the same intersection pointing to different 
directions. The decision making cannot be left to the probability of correctly choosing an exit by an individual. A 
designed way to solve the confusion and to prevent chaos is required for a better yield on reducing the injury and 
fatality rate in case of emergencies. 
 
3. BIM-Controlled Signage System 
 
The BIM-controlled signage system proposed in this study acts as a medium that links the real building and the 
BIM model for Facility Management (sometimes called FM model) to solve the problem stated. The BIM model is a 
prerequisite that must include information about fire sensor location, building traffic space information, and exit sign 
location. As shown in Figure 2, the emergency signage system contains three modules: fire sensor detection, indoor 
















Fig. 2: Structure of the signage system 
 
The fire sensor detection module links a building's fire sensors to the BIM model. Once a fire accident is detected, 
this module will retrieve the accident location and reflect it in the indoor route network. The indoor route network is 
extracted from the BIM model and includes information of the accurate location of fire sensors and exit signs. With 
the location information of the fire accident, the indoor route selection module will make decision about the best 
route for evacuation. Then the exit sign activation module will control the exit signs and direct evacuees to follow 
the best route. For intersections with multiple exit signs pointing to different directions, only the one directing to the 
best route will be activated. High intensity light emitting blinkers have the potential to enhance the visual effect and 
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Fire sensor detection 
Indoor route selection  





287 K. Yenumula et al. /  Procedia Engineering  118 ( 2015 )  284 – 289 
improve awareness of the activated exit signs. This strategy promotes evacuees to follow the route that has been 
planned for them to evacuate the building or to reach a safe place.  
During the procedure, the most critical step is to determine the best route for evacuation. Potential factors to be 
considered include distance, route width, traffic flow distribution, human behavior, and so on. Accordingly, 
candidates of the best route could be the shortest route, the route that can accommodate the largest flow, or the best 
result from simulation considering human behavior and traffic flow. However, this "black or white" styled selection 
has its own limitation. Although the single best route at each intersection eliminates confusion, it is never the 
mathematically optimized evacuation strategy because some routes that may help relieve traffic pressure are simply 
abandoned. 
In this preliminary study, the shortest route is considered to be the best route for the purpose of demonstration and 
simplification. The selection of the shortest route is performed between every exit signs and its destined exit. Figure3 
shows a flow chart that depicts the process of route selection and sign activation/deactivation. Each exit sign will be 
either activated or deactivated depending on whether it leads to the shortest route and whether the shortest route is 
blocked by accident. 
 
Fig. 3: Flowchart to determine the activation of exit sign board 
 
The method is illustrated using an example of a floor plan of a university building. As shown in Figure 4, the 
floor plan has three exits to stairways - one main exit in the middle and one on each side. 
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Fig. 4: Floor plan of a building 
 
Figure 5 shows an extracted route map with signage information. There are seven exit signs on this floor. 
Among them, five are directional (1 to 4, and 7), which points to a certain direction (Figure 6 left), and the other two 
are un-directional (5 and 6) (Figure 6 right). The direction is represented by an arrow in Figure 5. The signs can only 
be viewed on one side which is indicated by the triangle shape; for example, sign 6 can only be viewed from the left.  












Fig. 6: Directional and un-directional signs 
 
In case an accident happens, such as a fire on the spot of A or B, all exit signs will go through the process shown 
in Figure 3 and remain activated or be deactivated. The fire at A will affect sign 3 because the default shorted route 
from sign 3 to the middle exit is blocked. This operation could be very helpful to people to the left of sign 3 because 
they are not able to see the accident and may be caught in danger if they follow the shortest route. Similarly, the fire 
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at B will cause 7 to be deactivated. However, no matter whether a fire happens at B, sign 6 will be deactivated under 
emergency according to Figure 3, because sign 5 and sign 6 are at the same intersection and sign 5 points to the 




The proposed method aims to increase the efficiency of the signage system and, also importantly, promote the use 
of BIM model for facility management in the building operation phase. This paper presents the fundamental design 
framework of the system and illustrates it by an example. However, there is still a long way to go from a conceptual 
framework to practical implementation. This section discussed some concerns as well as potential research 
directions. 
The major concern is in the human behavior aspect, i.e. how evacuees respond to the proposed signage system. A 
preliminary investigation conducted by the authors indicates that pure deactivation may not function well enough to 
prevent evacuees from going to the wrong direction. Evacuees may simply overlook the deactivated sign or even 
think it is not functioning due to power outrage caused by the accident. Additional techniques may be necessary for 
negative enhancement, such as a stop mark or sound effect. In addition, the use of the high intensity light blinker 
also needs more investigation as it may create a doubt for evacuees. The blinking scenario sometimes, while catches 
a lot of attention, may imply a danger situation in the pointed direction. 
Another concern is about the selection of the best route. The shortest route predetermined is usually not the best 
solution, especially if the number of evacuees is large. The single suggested route may not be sufficient to 
accommodate all evacuees in case of a high attendance of people in the building. A better solution might be 
distributing evacuees to all available routes scientifically based on mathematical analysis or simulation results. 
However, that raises another question that how to distribute evacuees as designed under emergency, i.e. in a usually 
chaos situation.  
Besides the concerns about human behavior, there are also technical challenges. For example, the system needs to 
regularly “refresh” the sign and control if considering the trend of flame propagation. It would be devastating to 
watch an exit sign becoming deactivated or turning into a stop mark with flame chasing from the back. Therefore, an 
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